, DO, MBA; Paul Tornetta III, MD IMPORTANCE The United States is experiencing an opioid abuse epidemic. Opioid overprescription by physicians may contribute to this epidemic.
T he United States is experiencing an opioid abuse epidemic, with 19 000 opioid-related deaths a year. 1 In Massachusetts, 1531 residents died of overdose of prescription opioids and heroin in 2015, a 431% increase from the 355 deaths confirmed in 2000. 2 This number corresponds to an incidence of 24.6 deaths per 100 000 residents, which is higher than the national mean number of deaths from overdose of opioids (14.7 deaths per 100 000 residents). 1 More concerning is the role that physicians, surgeons, and other health care professionals likely play in contributing to this epidemic. 3 The National Survey on Drug Use and Health has shown that 4 of 5 current heroin users report that their opioid use began with prescription opioid analgesics. 4 In addition, 70.3%
of the opioids used for nonmedical purposes are obtained from a friend or relative, suggesting that the overprescription of opioid pain relievers may contribute to this epidemic. 5 Evidence from the surgical literature suggests that overprescription of opioids may occur after surgery. [6] [7] [8] Furthermore, the amount of opioids prescribed after certain low-risk surgical procedures has been increasing during the past decade, 9 and surgery itself has been implicated as a risk factor for long-term opioid use.
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We reviewed the medical records of 18 343 postoperative patients to determine if there was any correlation between a patient's opioid use prior to hospital discharge and the amount of opioids prescribed at hospital discharge. In particular, we sought to characterize a subset of patients who used no opioids prior to hospital discharge but were still prescribed them at hospital discharge, suggesting potential overprescription.
Methods

Study Design
This study was designed as a cross-sectional study of patients undergoing inpatient surgery. We sought to analyze the association between a postoperative patient's 24-hour predischarge opioid use and the quantity of opioids prescribed at hospital discharge. The Boston University Medical Center Institutional Review Board and Lahey Clinic Institutional Review Board approved this study, both of which included a waiver of patient consent for acquisition of data.
Setting
Two Massachusetts medical centers from separate health systems were involved in this study: Boston Medical Center (BMC) and Lahey Hospital and Medical Center-Burlington Campus (LHMC-B). Boston Medical Center is an urban safety-net hospital and level 1 trauma center, and LHMC-B is a suburban community-based hospital and level 2 trauma center. Boston Medical Center routinely cares for obstetric and pediatric patients, whereas LHMC-B does not. Lahey Hospital and Medical CenterBurlington Campus has an acute pain consultation service, whereas BMC does not.
Data Sources
Data were obtained through retrospective database queries of the electronic medical records of BMC and LHMC-B. Both institutions currently use the same electronic medical record application (Epic, Epic Systems Corp). Data collection spanned from May 22, 2014, to June 30, 2016, for the BMC data set and from March 23, 2015, to September 7, 2016, for the LHMC-B data set.
Income data for each patient's home zip code was obtained via the Internal Revenue Service, Statistics of Income division.
14 Distance from the hospital was calculated from the patient's home zip code to the hospital where the surgery was performed.
Patient Selection Criteria
Inclusion criteria consisted of any patient who underwent surgery during an inpatient admission with a postoperative length of stay longer than 24 hours who was subsequently discharged home. Exclusion criteria consisted of patients discharged to a skilled nursing or rehabilitation facility and surgical subspecialties with fewer than 5 cases.
Opioid Dose Calculations
For the patients in this study, the amount of short-acting opioid medications that were administered to the patient during the admission and the amount of opioids prescribed at hospital discharge were recorded. For comparison purposes, opioids were converted to equianalgesic doses of morphine sulfate (morphine milligram equivalents [MMEs]) using standard ratios. 15 Long-acting opioids (methadone hydrochloride, buprenorphine hydrochloride, transdermal fentanyl citrate patches, and extended-release formulations of any opioid) were excluded because their administration was primarily indicated for long-term maintenance and not related to acute postoperative pain. 16, 17 Intraoperative or immediate perioperative opioid doses (intraoperative administrations, intravenous fentanyl, and patient-controlled analgesia) were also excluded because these doses do not accurately represent the type of analgesia that patients receive just prior to hospital discharge and at home. Opioids given intrathecally, intraarticularly, or through epidurals were also excluded because their effects were generally not still present during the predischarge period, in addition to the difficulty of converting
Key Points
Question Is a postoperative patient's 24-hour predischarge opioid use correlated with the amount of opioids prescribed at hospital discharge?
Findings In this cross-sectional study that included 18 343 postoperative patients from 2 Massachusetts medical centers, there was wide variation in the amount of opioids prescribed at hospital discharge given a patient's individual 24-hour predischarge opioid use. Of the patients who no longer used opioids prior to hospital discharge, 45.6% were nonetheless prescribed opioids at hospital discharge.
Meaning Potential overprescription of opioids occurs frequently among postoperative patients; improved opioid prescribing practices are needed to administer opioids in a more patient-specific manner.
these doses into MMEs. This study focused on opioid use and did not specifically investigate the use of nonopioid analgesics or multimodal regimens. Excluding extended-release formulations of opioids may affect a patient's opioid use and prescription and may potentially affect the rates of potential overprescription. However, we found that only 2.0% of admissions (400 of 20 035) had an extended-release opioid administered in the 24 hours prior to hospital discharge and that inclusion of these medications in our calculations had only a minor association with overall 24-hour predischarge opioid use (4.2%; 33 MME without extended-release opioids vs 35 MME with extended-release opioids), total opioids prescribed (3.9%; 343 MME without extended-release opioids vs 357 MME with extended-release opioids), and potential overprescription rate (-0 
Potential Opioid Overprescription
Few guidelines have been established to recommend the quantity of opioids a patient should be prescribed at hospital discharge, making an objective assessment of overprescription or underprescription difficult. We defined a patient as no longer using opioids if he or she did not receive any short-acting opioids in the 24 hours prior to hospital discharge. We chose to define potential overprescription using the relatively conservative criteria of being prescribed opioids despite no longer using any opioid medications during the 24 hours prior to hospital discharge. We are aware that this definition may underestimate the actual prevalence of overprescription because patients who used minimal opioid medications (ie, 5 mg of oxycodone hydrochloride within 24 hours of hospital discharge) but were prescribed an excessive amount at hospital discharge (300 mg of oxycodone hydrochloride) would not be captured by this criteria. Requiring that a patient use no opioids during the 24 hours prior to hospital discharge to be considered for potential overprescription also prevents the classification of delayed-onset pain secondary to the fading effects of any regional nerve blocks because patients who started using opioids just prior to hospital discharge would be excluded.
Statistical Analysis
For comparison of continuous data, a 2-tailed t test was performed. Correlation was calculated using either the Pearson or Kendall correlation coefficients with a 2-tailed test for significance. P < .05 was considered statistically significant.
Linear regression analysis was performed via log transformations (log [x + 1]) of opioid use during the 24 hours before hospital discharge and the quantity of opioids prescribed at hospital discharge. Binomial logistic regression analysis was performed for patients who did not use any opioids during the 24 hours before hospital discharge. The dependent variable was whether the patient was prescribed opioids (potential overprescription) or not prescribed opioids. For categorical values (hospital, sex, regional or epidural anesthesia, insurance, and surgical service), we chose the following reference values: BMC, male, no regional or epidural anesthesia, Medicare, and general surgery. All statistical analysis was performed using R statistical software, version 3.3.2, with the openxlsx, tidyr, parallel, beepr, ggmap, and matrixStats extension packages. 
Association Between Predischarge Opioid Use and Amount Prescribed at Hospital Discharge
We found a wide variation in the amount of opioids prescribed at hospital discharge for any 24-hour predischarge amount of opioid use. For all amounts of opioids used in the 24 hours before hospital discharge, patients were prescribed a mean of 343 MME (range, 0-37 500 MME) ( Table 1) . Performing a log transformation of both the predischarge opioid use and quantity of opioids prescribed at hospital discharge revealed 3 distinct clusters ( Figure 1) .
The largest cluster, representing 11 603 of 20 035 admissions (57.9%), consisted of patients who used opioids before hospital discharge and were discharged with a prescription for opioids ( Figure 1) . A regression analysis of this cluster showed that there was a subtle association between the log units of predischarge opioid use and the log units of the quantity of opioids prescribed at hospital discharge ( Figure 1) . Nevertheless, this model was able to account for only 11% of the variance in this cluster.
The second cluster consisted of patients who were not discharged with a prescription for opioids, representing 5383 of 20 035 admissions (26.9%) ( Figure 1 ). Most of these patients (3930 [73.0%]) did not receive opioids at hospital discharge because they had no predischarge opioid use. The remainder of the group was discharged home without a prescription for opioids despite using them before hospital discharge. Although we were unable to ascertain the exact underlying reasons, we speculate that no prescription occurred owing to reasons such as patient or clinician preference or already having a supply of opioids from prior to surgery.
The third cluster consisted of patients who had no opioid use before hospital discharge but were prescribed opioids at hospital discharge ( Figure 1 ). We termed this anomaly as potential opioid overprescription; this group represented 15.2% (3051 of 20 035) of all admissions.
Potential Overprescription of Opioids at Hospital Discharge
As patients who no longer use opioids for 24 hours have likely recovered from their acute postoperative pain, we found it peculiar that a substantial amount of these patients were still being prescribed opioids at hospital discharge. Of the 20 035 admissions with a postoperative length of stay longer than 24 hours, 6981 (34.8%) did not have any opioid medications administered during the last 24 hours before hospital discharge (Table 1) . However, 3051 of these admissions (43.7%) had a mean of 343 MME prescribed at hospital discharge, suggesting that these patients were potentially overprescribed opioids. This occurrence accounted for 15.2% (1 045 616 of 6 882 016 MME) of all opioids prescribed in our cohort.
There are, however, certain situations when prescribing an opioid may be indicated despite a patient not using any opioids prior to hospital discharge, such as for patients living a far distance from the hospital or for patients whose pain is currently controlled by regional nerve blocks that may wear off after hospital discharge. We found that patients who were potentially overprescribed opioids lived a similar mean distance from the hospital compared with those who were not overprescribed opioids (63 vs 59 km; P = .49).
Use of regional or epidural anesthesia was more common for patients who were potentially overprescribed opioids compared with patients who were not (413 of 
Risk Factors for Potential Overprescription of Opioids
Using logistical regression, we sought to identify any possible risk factors for overprescription of opioids. Surgical service was most significantly associated with potential overprescription, with ophthalmology and pediatric surgery being associated with a lower risk of overprescription and obstetrics and gynecology associated with the highest risk of overprescription ( Figure 2) . Patients who were insured through worker's compensation or automobile insurance were also associated with increased odds of potential overprescription. Aside from insurance status and surgical service, there were Abbreviations: MME, morphine milligram equivalents, NA, not applicable.
a Not overprescribed vs potential overprescription.
b Calculated as weight in kilograms divided by height in meters squared.
no particularly large associations of any patient demographic factors with the odds of potential overprescription.
Potential Overprescription by Service
Further investigating the pattern of potential overprescription, we analyzed the prevalence of potential overprescription by surgical service ( Patients used and were prescribed opioids after percutaneous or scope-based procedures performed by medical services, albeit at a lower rate than more traditional surgical services. In these cases, opioids may have been prescribed if the procedure was more invasive than a standard diagnostic procedure (eg, colonoscopy with biopsy or tumor embolization) or if the presenting symptom was pain (eg, gallstones).
Overall, we found a strong correlation between services with higher rates of patients who were still using opioids at hospital discharge having higher rates of potential overprescription (Pearson correlation coefficient r = 0.79) (Figure 3) . No significant correlation was found when patients were similarly grouped by insurance status (Pearson correlation coefficient r = 0.38; P = .12).
Discussion
This study shows that the prescription of opioids is only moderately correlated with a patient's 24-hour predischarge opioid use. To our knowledge, this is the first study to examine the association of predischarge opioid use with the amount of opioids prescribed at hospital discharge across all types of inpatient surgical procedures. We found a subtle, nonlinear association between these 2 factors that is likely some form of a power law.
19 Although we were unable to fully ascertain the factors underlying this association, we speculate that this association may reflect the general clinical judgment of clinicians regarding a patient's likely opioid use.
To our knowledge, this study is also the first to highlight the problem of potential opioid overprescription at our institutions. Although in most cases (3560 of 6548 [54.4%]) clinicians did not prescribe opioids to patients who no longer used opioids before hospital discharge, a significant proportion of patients (2988 of 6548 [45.6%]) not using any opioids before hospital discharge were nevertheless potentially overprescribed opioids at hospital discharge (2988 of all 18 343 admissions [ 
16.3%]).
Patients who do not use any opioids prior to hospital discharge have a higher likelihood of being potentially overprescribed opioids if they underwent a procedure performed by a surgical service that frequently discharged patients using opioids prior to hospital discharge ( Figure 3 ). These findings suggest that prescribers of all specialties may not be able to easily identify patients who are no longer using opioids at hospital discharge, particularly those prescribers who routinely discharge patients still using opioids.
Strengths and Limitations
The strengths of this study are its broad sample size, encompassing patients of all demographic and insurance types, among all surgical specialties at 2 medical centers with differing patient populations. This study also examined opioid use throughout a patient's hospital stay, a longer period than most other studies that examined opioid use only in the postanesthesia care unit or through only the first postoperative day.
Limitations of this study include its retrospective nature, its geographical limitation to eastern Massachusetts, and its inability to fully account for any opioid-sparing effects of nonopioid analgesics. All data used in this study were collected on a prospective basis as part of standard medical documentation practices, minimizing any potential selection, informa- The opioid discharge quantity is compared with the patient's 24-hour predischarge use. Note the log axes. Each point represents an individual admission, and clusters of densely spaced points are represented by darker shades. The central cluster represents patients who used opioids before hospital discharge and were discharged with a prescription for opioids. The orange dashed line represents a linear regression of the log transformation of discharge quantity as a function of the log transformation of predischarge opioid use for this cluster (values >0), excluding the zero effects along the x-axis and y-axis. The cluster along the x-axis represents patients who were not prescribed opioids at hospital discharge. The cluster along the y-axis represents patients who were potentially overprescribed opioids (no predischarge use but prescribed opioids at hospital discharge). MME indicates morphine milligram equivalents. tion, or recall biases. Regarding the effects of nonopioid analgesics, patients are routinely prescribed these types of medications as first-line treatment for pain at both hospitals. Any effects of these analgesics should theoretically be reflected in the patient's opioid use, although we were unable to specifically study these effects.
Correlation Between 24-Hour Predischarge Opioid Use and Amount of Opioids Prescribed at Hospital Discharge
Other Cases of Excessive Opioid Prescription
Several studies have highlighted the prevalence of excess prescription of opioids after surgery, demonstrating that 70% to 80% of patients do not fill or finish their opioids prescribed at hospital discharge and that a significant amount of opioids prescribed at hospital discharge go unconsumed. 6-8,20-22 Additional studies have also reported wide variation in the amount of opioids prescribed for any single procedure as well as across different clinicians. 3, 8 To our knowledge, only 1 other study has previously examined both a patient's 24-hour predischarge opioid use and the amount of opioids prescribed at hospital discharge. 20 Similar to our findings, that study also reported a poor correlation between predischarge opioid use and the amount of opioids prescribed at hospital discharge because they found no significant difference in the amount of opioids prescribed at hospital discharge between their "high-use" and "low-use" cohorts.
Reasons for Potential Overprescription
Although most physicians and other health care professionals are well aware of the need to prescribe opioids judiciously, there is little evidence available to help guide the quantity of opioids that a patient will use after surgery, especially after major inpatient procedures. 7, 8, 23 Thus, it is generally up to individual clinicians to prescribe an appropriate quantity of opioids at their discretion. Our finding that services with higher rates of patients who were still using opioids at hospital discharge had higher rates of potential overprescription suggests a possible servicebased cultural bias toward overprescribing or perhaps an inability to effectively identify patients who are no longer using them. We did not find any nonsurgical patient demographic factors that had a considerable effect on the odds of potential overprescription.
Patients who were overprescribed opioids often underwent longer procedures in our data set (175 vs 95 minutes), a factor that has been previously associated with increased opioid use. 24 In addition, the services with higher rates of potential overprescription (obstetrics and gynecology, general surgery, and orthopedic surgery) are generally associated with more painful operations. 25 This finding suggests that prescribers who routinely care for patients undergoing more invasive surgical procedures may be more accustomed to regularly prescribing opioids and thus may be less vigilant about identifying patients who are not taking opioids at the time of hospital discharge.
Areas for Improvement
To prescribe opioids more accurately, a better understanding of opioid use after surgery is needed. In this study, we performed a broad analysis across more than 20 surgical specialties. However, the course of postoperative pain varies with type of procedure 25 and patient demographic factors
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; thus, further investigation is necessary into how these factors affect patients in a more specific manner. Although several studies have found that most patients only fill a single prescription for opioids after surgery, 6-8,20-22 it has been reported that patients may use opioids for more than 1 month after surgery, 13 with some going on to become long-term users. 10-12 Therefore, further indepth research into patients' postoperative pain experience and opioid use should reveal a better understanding of the quantity of opioids used for adequate, but not excessive, pain control.
Conclusions
This study found broad variation in opioid prescribing across multiple surgical specialties at our institutions. Opioids were not prescribed in a patient-specific manner to postoperative patients. Finally, we found that potential overprescription occurs regularly after surgery. Data are presented in the form of "mean (min -max)" unless otherwise specified.
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